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...SPECIFICATION record of the exam could be analyzed at a later date and 
replayed as many times as necessary at a variety of speeds. The widespread 
availability of video recording systems in. . . 

...information that dynamic studies provide. 

Interest in fluoroscopy has been replaced by interest in computerized 
imaging techniques. In the 1970s, computed tomography ( CT ) scanners 
demanded the radiologists' attention, followed by the development of nuclear 
magnetic resonance (NMR) systems. A new method of skeletal analysis also 
developed in the 1970s: computer modeling... 

...the spine is studied through mathematical analysis, often including model 
projections, some of which ore three - dimensional . The 1980s have seen a 
return to interest in fluoroscopy studies. 
However, the focus of . . . 

...computer program or several angles of the subject can be fluoroscoped and 
superimposed to generate three - dimensional information. 

Preferably reference point R would be a . point on bone 201 which could 
be. . .point may be used. For example, the relative angular movement of the 
points may be measured ; the specific shapes of the path of movement of 
the points may be individually or collectively compared or. . . 

...a reference, to another point or to a previous measurement in both two- 
dimensional and three - dimensional configurations; various reference 
points could be selected and the monitoring points could be compared 
with. . .be the same; the exam is therefore reliable and repeatable, even when 
performed at different times and by different examiners. Since part of this 
system involves computer analysis of spinal motion... 
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English Abstract 

A method is provided for generating at least one quantitative measure 
of a joint comprising sending an acoustic signal to at least a part of a 
joint, receiving said acoustic signal after modification by said joint, 
analyzing the received acoustic signal with a computer, and generating, 
from said computer, one or more of a quantitative surface, 
quantitative volumetric and quantitative measurements of the 
physical properties of the joint or a portion thereof. 

Legal Status (Type, Date, Text) 

Publication 20030206 Al With international search report. 

Detailed Description 
... measurement tool. As early as 1983, ultrasound was suggested as a means 
of observing joint cartilage . As an example, Alex M. . . 

OVERVIEW OF JOINT STRUCTURES 

Joints are connections, typically movable, between two or more bones and 
include many structures that lend themselves to quantitative measurement . 
Such structures include, but are not limited to cartilage , chondrocytes, 
subchondral bone, joint capsule, joint fluid, ligaments and tendons. 

...SUMMARY OF THE INVENTION' 

An aspect of some embodiments of the invention relates to acquiring 
quantitative measures of joint properties, in particular, surface, 
physical and volumetric measures . 

As used herein the term quantitative surface measure means a value that 
characterizes a property of a two dimensional surface measurement of at... 

As of a joint structure, such as cartilage . An exemplary volumetric measure 
is the volume of an area of joint cartilage that has been affected by 
thinning and/or pitting due to osteoarthritis. Being quantitative , rather 
than qualitative, such measures can be used, for example, to indicate a 
joint state directly, for example, in quantifying the quality of cartilage . 
In some exemplary embodiments of the invention, measures are generated on the 
basis of average... 

...basis of absolute measurements of a joint. 




In an exemplary embodiment of the present invention, quantitative ultrasound 
joint measurements are acquired during performance of different 
activities, for example during walking or running. 

In an exemplary embodiment of the present invention, quantitative ultrasound 
joint measures are compiled into a database that associates a qualitative 
meaning or a state identification with. . . 

...joint properties of two or more regions of a joint structure. In one 
example, a quantitative comparison is made between the degree of pitting 
in two or more regions of cartilage . An exemplary use of such quantitative 
inforination is in locating optimal cartilage graft donor sites and optimal 
cartilage graft recipient sites in autogenous cartilage reconstruction. 

An aspect of some embodiments of the invention is correlation of 
quantitative ultrasound joint measures with disease states. 

Osteoarthritis for example, is a disease that results from overuse and/or... 

INTRODUCTION TO JOINT IMAGING QUANTITATIVE MEASUREMENTS 

An ultrasound measurement of a joint 100 uses a probe 134 that both 
emits and receives an ultrasound ... of tissue. In an exemplary embodiment of 
the invention, probe 134 is used in the imaging method to construct and 
image or an image is reconstructed from multiple measurements (e.g., for one- 
, two- or three - dimensional imaging ) . Alternatively or additionally, a 
one dimensional or two dimensional phased array or ... 

...of lines determined by the tissue ! s thickness on the ultrasound image. 
Based upon the quantitative measurement requirements, fewer or more lines 
of pixels can be defined and averaged. For instance, as... planar elevation. 
Alternatively, pixels may encircle a specific lesion, such as an area of 
focal cartilage thinning in osteoarthritis, with parallel pixel 
encirclement lines placed at regularly increasing or decreasing mean radii to 
provide a 3D surface map of an area. . . 

FURTHER QUANTITATIVE MEASUREMENTS OF CARTILAGE 

In examination of cartilage 404, bones, 402 and 408 are flexed at 
approximately 100 degrees to give a relatively unobstructed examination of 
cartilage 404. The obtained ultrasound images are processed to give the 
measures mentioned above. 

Alternatively . . .be placed in the fully extended position. 
CUBIC VOLUME CARTILAGE DEFECT MEASUREMENT 

In an exemplary embodiment of the present invention, the square area of 
pits (PA) in each sector and the Average Cartilage Pit Depth (CPD) are used 
to give the Cubic Volume of Pitting (CPV) in each... row 524 is .682 cubic 
millimeters and CPV of row 526 is .65 cubic millimeters. 

QUANTITATIVE VALUE FOR CARTILAGE VOLUME MEASUREMENTS 
Total Cubic Cartilage volume (TCV) comprises the cartilage area, 
which in this example is 1 00 millimeters, multiplied by the Cartilage 
Thickness (CT) in millimeters.,. 

...or in a printed readout of information where, for example, the data is 
organized into three dimensional model of said joint. 



...acquired. Such new values are then, for example, used in the analysis of 
all further quantitative measures in the database. 



...eversion, on weight bearing, off weight bearing. 

In an exemplary embodiment of the present invention, quantitative ultrasound 
joint measurements are acquired during and/or following regimens such as 
walking, running and/or aerobic exercise ... way of example, the database 
includes quantitative data on treatment regimen in joint inflammation, 
healing time , and/or treatment sequella of athletes. The database 
correlates a treatment regimen such as local... 
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English Abstract 

Methods of diagnosing and preventing bone loss and/or enhancing bone 
formation are disclosed. The invention additionally provides methods of 
diagnosing a predisposition to bone loss. The methods mathematically 
combine the information provided by imaging tests with the information 



provided by biomarkers to provide an index value. The index value is used 
for diagnosis of bone diseases, and to assess the progress of treatment 
of bone diseases. 

Legal Status (Type, Date, Text) 

Publication 20021205 Al With international search report. 

Examination 20030320 Request for preliminary examination prior to end of 

19th month from priority date 

Detailed Description 

various x-ray based techniques including single and dual-photon 
absorptiometry (SPA and DPA) , quantitative computed tomography (QCT) , and 
dualenergy absorptionietry (DXA) . Imaging tests such as x-rays, ultrasound, 
computed tomography and MRI can provide detailed information about the 
morphological condition of an organ or a tissue and on the severity or the 
stage of a disease process. ' 

...absorptiometry, and radiographic absorptiometry; ultrasound including 
broadband ultrasound attenuation measurement and speed of sound measurements; 
computed tomography ; nuclear scintigraphy; SPECT; positron emission 
tomography and MRI . One or more of these imaging tests may be used in the 
methods described herein, for example in order to obtain tissues such as bone 
including bone mineral density and curvature of the subchondral bone, 
cartilage including biochemical composition of cartilage , cartilage 
thickness, cartilage volume, cartilage curvature, marrow including marrow 
composition, synovium including synovial inflammation, lean and fatty tissue, 
and thickness. . . 

...on the two-dimensional arrangement of individual components forming said 
structure or information on the three - dimensional arrangement of 
individual components fon-ning said .structure. In any of the methods 
described herein trabecular thickness, trabecular spacing and/or estimates of 
the two- or three - dimensional architecture of the trabecular network. 
Further, in any of the methods described herein, quantitative 

inf ormation . . . of an anatomic structure or morphology of an anatomic structure 
are used to obtain the imaging descriptors... 

Alternatively, or in addition to, imaging techniques, measurements and/or 
samples can be taken of bone or other tissue intraoperatively 
during. .. luteal, or postmenopausal), progesterone (follicular, mid-cycle, 
luteal, mid-luteal, oral contraceptive, or over 60 years ) , alkaline 
phosphatase, percent liver-ALP, and total intestinal-ALP . Typically, after 
measuring the amount of one or more of these biomarkers, a diagnosing 
clinician compares the measurements to a... 205, 643 reports that the 
degradation of type III collagen in the body can be quantitatively 
determined by measuring the concentration of an N-terminal telopeptide 
from type III collagen in a body fluid hydroxypyridinium cross-linked can 
alternatively be quantitated by fluorometric measurement' of a body fluid 
containing the bioniarker. The fluorometric assay can be conducted directly 
on... and ntelopeptide, by monoclonal or polyclonal antibodies or specific 
receptor proteins . 

In another aspect, one or more of the selected biomarkers and one or more of 
the selected imaging descriptors can be measured over a period of time and 
the relationship between the two can then be statistically analyzed. The 
time period can be seconds, minutes, hours, days , or months or any 
interval therebetween. The biochemical and morphological data can be, for 



example, obtained at 0, 10 2. 
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English Abstract 

A magnetic resonance imaging system (10) and method for imaging 
joint regions are disclosed which utilize blood pool contrast agents and 
particular magnetic resonance imaging parameters, including 
fat-suppression, to obtain medically useful images of joints. In 
particular, the methods and apparatus provide medical personnel with 
accurate and detailed joint images, including joint spaces, which are 
useful for various therapeutic and diagnostic applications. 

Legal Status (Type, Date, Text) 
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19th month from priority date 

Detailed Description 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to the field of imaging 
and, more particularly, to the utilization of magnetic resonance imaging 
to image joint spaces. 



...the art. Generally, prior art techniques utilize computed axial 
tomographic X-rays, also known as CT scanning , or magnetic resonance 
imaging ( MRI ) to afford an internal view of particular regions in subjects 
undergoing imaging procedures. These prior art techniques may be adequate 
for image construction of tissue matter such. . . 

...of useful tissue selective images of joint spaces has presented some 
difficulty. This difficulty in imaging is due to the fact thatjoint regions 
are comprised of multiple components including, for example, blood, joint 
fluids, muscles, tendons, cartilage , fat, bone and the marrow incorporated 
within the bone. As a result, for effectively every type of magnetic 
resonance pulse imaging sequence, various component tissues, singly or in 
combination, result in bright signals in the resultant image. Consequently, 
prior art methodologies of imaging , in two and three - dimensions , of 
joint spaces utilizing MRI can be improved upon, wherein particular 
protocols, herein disclosed, are employed comprising particular pulse 
sequences . . . 
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English Abstract 

Methods are disclosed for assessing the condition of a cartilage in a 
joint, particularly a human knee. The methods include converting an image 
such as an MRI to a three dimensional map of the cartilage. The cartilage 
map can be correlated to a movement pattern of the joint to assess the 
affect of movement on cartilage wear. Changes in the thickness of 
cartilage over time can be determined so that therapies can be provided. 
Information on thickness of cartilage and curvature of cartilage or 
subchondral bone can be used to plan therapy. Information on movement 
pattern can be used to plan therapy. 

Legal Status (Type, Date, Text) 

Publication 20020321 Al With international search report. 
Publication 20020321 Al Before the expiration of the time limit for 

amending the claims and to be republished in the 
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19th month from priority date 

Detailed Description ^ 
... 17 shows the error in tibial orientation estimate for the rigid body 
model and the interval deformation correction technique. 

Figure I SA - I SI show functional joint imaging . 

Figure 19 shows the superimposition of the tibiofemoral contact line onto 
the 3D cartilage thickness map... 

SPECIFIC DESCRIPTION 

Overview 

Figure 1 . . . 

...such an assessment. The assessment can be done using internal images, or 
maps, ' of the cartilage alone or in combination with a movement pattern of 
the joint. If used alone, a map obtained at an initial time is compared 
with a map obtained at a later time to provide a view of the change in 
cartilage over time . Another aspect is a method is comparing the movement 
pattern for a joint of a subject being studied with the cartilage 
degeneration pattern of the subject, then determining the relationship 
between the movement pattern and. . . 

. . .prescriptions. 

Thus, this invention discloses, for example, a method to examine the 
relationship between articular cartilage morphology and the functional load 
bearing areas of a knee joint measured during movement. The method 
includes enhanced imaging techniques to reconstruct the volumetric and 
biochemical parameters of the articular cartilage in three dimensions ; 
and a method for in vivo kinematic measurements of the knee. The kinematic 
measurement permits... 



Cartilage thickness maps 

Cartilage thickness can be determined by several methods. One example is 
detecting the locations of the bone - cartilage and' the cartilage - joint 



fluid interface along the surface normal using the same edge detector 
described below, and subtracting them. . . 



Display of Biochemical Information 

Once a map is obtained, it can be used in assessing the condition of a 
cartilage at an initial time and over a time period. Thus, the 
biochemical map may be used in the method aspects of the invention in a 
manner similar to the cartilage thickness map. 

For example, one aspect is a method of estimating the loss of cartilage in a 
joint . 

The method comprises 

(a) obtaining a relaxation time or biochemical map of the cartilage at 
an initial time and analyzing the relaxation time or biochemical content 
of a region thought to contain degenerated cartilage so mapped at the 
initial time , 

(b) obtaining a relaxation time or biochemical map of the cartilage at a 
later time , and time analyzing the relaxation time or biochemical 
content of the region thought to contain degenerated cartilage so mapped at 
the later time , and 

(c) determining the change in relaxation time or biochemical content of 
the cartilage between the later and initial times . . . 

It may be estimated from measurements of cartilage of other subjects 
having similar characteristics such as gender, age, body type, height, 
weight, and other factors. It may be estimated from measurements of a similar 
'normal" cartilage from another corresponding joint (e.g., if the right 
knee has the defect, measure the normal left knee) . It may have been measured 
at an initial time T, when the cartilage was normal to provide a 
baseline. Other means of determining the normal content may be ...By 
determining the change of content at an initial T, and again at a later time 
T2, one can determine the change in biochemical content over time ... 
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English Abstract 

Methods are disclosed for assessing the condition of a cartilage in a 
joint and assessing cartilage loss, particularly in a human knee. The 
methods include converting an image such as an MRI to a three dimensional 
map of the cartilage. The cartilage map can be correlated to a movement 
pattern of the joint to assess the affect of movement on cartilage wear. 
Changes in the thickness of cartilage over time can be determined so that 
therapies can be provided. The amount of cartilage tissue that has been 
lost, for example as a result of arthritis, can be estimated. 

Legal Status (Type, Date, Text) 

Publication .20020321 Al With international search report. 
Publication 20020321 Al Before the' expiration of the time limit for 

amending the claims and to be republished in the 

event of the receipt of amendments. 

Detailed Description 

SUMNLARY OF THE INVENTION 
...with the human knee. Some aspects related the static images and 
degeneration patterns of a cartilage , while others relate to the 
interaction of such images and patterns to provide a better means of 
assessing the condition of a cartilage . 

One aspect of this invention is a method for assessing the condition of a 
cartilage . The method comprises obtaining an image of a cartilage , 
(preferably a magnetic resonance image) , converting the image to a three 
- dimensional degeneration pattern, and evaluating the degree of 
degeneration in a volume iof interest of the cartilage . By performing this 
method at an initial time T, and a later time T2, one can determine the 
change in the volume of interest and evaluate what steps... 

...for treatment. 

Another aspect of this invention is a method of estimating the loss of 
cartilage in a joint. 

The method comprises obtaining a three - dimensional map of the cartilage 
at an initial time and calculating the thickness or regional volume of a 
region thought to contain degenerated cartilage so mapped at the initial 
time , obtaining a three - dimensional map of the cartilage at a later 
time , and calculating the thickness or regional volume of the region thought 
to contain degenerated cartilage so mapped at the later time , and 
determining the loss in thickness or regional volume of the cartilage 
between the later and initial times . The 3D map may be a thickness map, a 
biochemical map or a combination. 

Another aspect of the invention is a method for assessing the condition of 



cartilage in a joint of a human, which method comprises electronically 
transferring an electronically-generated image of a cartilage of the joint 
from a transferring device to a receiving device located distant from the... 
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English Abstract 

A fiber optic needle probe for measuring or imaging the internal 
structure of a specimen includes a needle (5) defining a bore, an optical 
fiber (11) substantially positioned within the bore, and a beam director 
(6) in optical communication with the optical fiber (11) . At least a 
portion of the wall of the needle (5) is capable of transmitting light. 
The beam director (6) directs light from the optical fiber (11) to an 
internal structure being imaged and receives light from the structure 
through a transparent portion (7) of the wall. An actuating device (30) 
causes motion of any, or all of, the needle (5), optical fiber (11), and 
beam director (6) to scan the internal structure of the specimen. The 
fiber optic needle probe allows imaging inside a solid tissue or organ 
without intraluminal insertion. When used in conjunction with an OCT 
imaging system, the fiber optic needle probe enables tomographic 
imaging of the microstructure of internal organs and tissues which were 
previously impossible to image in a living subject. 
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Detailed Description 

FIBER OPTIC NEEDLE PROBES FOR OPTICAL COHERENCE TOMOGRAPHY IMAGING 
...fiber optic needle probe is provided with connecting cables for connection 
to a variety of imaging systems and/or other actuating means. 

The needle may be constructed using a transparent or... core 2 is diffused 
away is controlled by controlling the point of application, temperature, and 
time of the heat treatment. This process is substantially equivalent to 
forming a spacer between the... and angular 0 directions. This provides 
measurements or image information on multiple crosssections or volumetric 
three - dimensional information. The scan pattern is performed by scanning I 
0 the angle 0 and changing the longitudinal position z incrementally. This is 
an angle priority scan and corresponds to performing imaging in a series of 
circular planer cross-sections at different longitudinal positions. If the 
angle 0 is not continuously scanned, but is scanned back and forth, this 
results in a imaging a series of sectors of circles at different 
longitudinal positions. 

Alternately, in another embodiment of . . . 

...In all of these twodimensional scanning patterns, the optical beam 4 is 
scanned over a three - dimensional volume. 

These scanning patterns can be used to generate three - dimensional 
measurements or images of an internal structure and construct volume 
renderings . 

In some embodiments of . . . 
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English Abstract 

Methods are disclosed for assessing the condition of a cartilage in a 
joint, particularly a human knee. The methods include converting an image 
such as an MRI to a three dimensional map of the cartilage. The cartilage 
map is then correlated to a movement pattern of the .joint to assess the 
affect of movement on cartilage wear. Reference markers useful in 
obtaining internal images of the cartilage and bone and external images 
of the limbs in a motion are described. The markers aid in correlating 
the various images. Changes in the thickness of cartilage over time can 
be determined so that therapies can be provided. 
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